DOCOniT BBSOME 



2D 193 026 



S£ 032 867 



£PONS AGENCl 
POE tilt 
NOTE 

EDBS PBICI 
DESCRIETOBS 



IDIHIIPIEBS 



Stolarz, Theodore J* 

The Prograiiable calculator in the Classroom. 
National Science Foundation, ffasbington, O.C. 
23 nar 79 

9p.: Contains occasional broken type. 
HFOI/PCOI Plus Postage. 

*ilgoritbis: *Calcalators: Cognitive Processes: 
Cospater Prograist Edticational Technology; 
*Eleientary Secondary Edacation: instructional 
materials: Learning Activities: *natbeiatical 
Applications: Hatbeiatical Concepts: *Hatiteaf.tical 
logic: *natbeiatics Education: Hathesatics ilaterialsi 
Problei Solving 
*Prograaable calculators 



ABSTBACT 

The uses of prograiable calculators in the 
•atbesatics classrooi are presented. A discussion ot the 
''Microelectronics revolution** that has brought prograiable 
calculators into our society is also inc'^uded. Pointed out is that 
the logical cr lental processes used tc prograi the progranable 
calculator arc identical to those used to progran any cosputer. A 
list and description of thirteen latheiatical* and coiputer-related 
concepts that students can learn by working «ith progra«able 
calcttlatcrs is presented. The report concludes vith foar additional 
uses of these electronic devices by teachers and pupils in the 
classrooB. f CFt 



* Beproductions supplied by EDBS are the best that can be nade * 
>j fron the original docunent. * 
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^ IMTBODUCTION I was ao elcBcntary school ttttdtnt la tha lata 1930 'a awt 

rvj attandad tha Bnwat Pruaalng Elanantary School In Chlcato'a 

O noTttawaat alda. It was a rather oaw achool than, tt had an axcallant 

tapuutlon for achlavaaent and, aa I racall* It waa provtdad with the beat of 
Qs, avatythlng that could be provided during tha great da^^taaalon. «a had one 

. of tha flrat "adjuataant taachera" In Chicago and I raMBbcr taking a lot of 

teats that ultlaataly reaultad In agr skipping ii 8>ada. But what I noticed 
If about the adjuataent teacher (apart froa tha fact that ahe waa an attractive 

^ yvm% woau) waa that ahe uaad a atopwet^ and a elide rule. It waa the 

flrat tlae In ngr life that I had aaan eu6h things. I rsMiaber that I had to 

bttlXd uf wf courage to ask bar about thae and ahe daaonatratad thee to ae. 

I had no use for a etopwatCh* but a ruler that could do arlthnatlc aeaaed 

Ilka a alracla. I had to have one. 

I aaved nlekale and dlaae for what aaeaed an eternity and finally 
bought a wooden ellda rule with "painted on** aunibare and a little Inatructlon 
book. The elide etude In the rule like glue on daiv sioaMr daye and fell out 
if you tilted It during the dry daye of winter, t reiwabar how dlaappolntad 
I waa vhtn I found out that It could not add or aubtract. But I waa tha only 
etudeot in the 8th grade that had one and I carried It with ae wherever I 

Wit 4 

Uter on, at Carl Schurc High School an algebra teacher caught aa ualng 
agr elide rule on en exaalnatlon. Her ecoldlng aade ae feel aa If I ware 
"cheating. " When I later found tlae to explain to har ay raaaona for ualng 
the rule ehe eUted that It waa a "crutch" and that I waa dooaad to going 
through the reat of ay life carrying a elide rule. I had e nightaars where 
eoaeona etole ay rule and I was unable to aultlply 3 Iqr 4. The truth la, 
however, that ehe waa partially correct. I have elwaye had one with ae until 
I purChaaed ay Texas Inatrusiaats SR-52 calculator, expenelva Pickett 
elide rule now elta In ay deek drawer at the college gathering dust. 

Many sducators, with good reaaons, fear tha use of electronic calcula- 
tore by children in tha elwentary and eecondary schoole. I aa euro that 
aai^ of you have heard their arguaante. They are often difficult to answer. 
<^ Laat year I waa grading a problaa one of ny etudenta handed in for a eUtla- 

^ ties couree I waa teaching. About half way through tha problaa her nutfbere 

, etatted aaklng no aenaa at all. I couldn't foUow har logic. Whan I naked 

^ har to aavlain the loglQ of har solution ehe etared at the paper for a while 

CO and then aald, *1 think mf battarlee were getting weak." I confeee to you 

that I did not know where to begin to help her. I waa alao worried that a 
etttdant aight aoaa day flunk out of college baeausa a tranalator failed. 
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TBE NICROELBCTRONICS REVOLUTION But In nalltyi th« ^crottlACtronloi 

revolution** !• with ub and the world 
will Mmr h% the a«M aa It vas btfore It atart«d. It It hy no Mint ovir. 
tnwrMVt in the past a tatnagar had to ba able to add and aaka cbanga to gat 
a job w« now find that in tha **faat-food** hainburgar abopa the youngatara praaa 
buttooa with plcturaa of hafliburgara» mllkahakea, and fried potatoaa on thea 
and tha alcroproceaaor in the reglater totala up the bill and indlcetaa the 
correct change for the bills you offer in payment. Within a decade or leee 
noet college etudente and nany high aehool atudente will have cMputere of 
their own with higher level languagee auch aa BASIC or PASCAL and graphlce 
capabllltlee. Tha calculator la now virtually taken ^ot granud by children 
and varelma of Teicaa InatrtMnte **Speak and SpeXl** will be teaching vocabu- 
lary and epeXllng. The quaetlon le not, '"Will wa Mke uae of celculatota In 
the eehooiet/* It le, How wlU we do eot** In 1971 I purthaaad one of the 
firet **hand held** calculatore (the Monroe Model 10) for $ 350.00. A nuch 
better Mchlna can be purchased at Radio Shack or K«Mart for about ten dollare. 
I have In wf how a paraonal comiutar eyaten (the Heath H-8) which le nore 
powerful than the **MAinAC** conputer which vaa uaed to verify the Mtheiutlcal 
equatlona for the fltat hydrogen hood) which vaa deelgned at Loe Ala«oe, New 
Mexico two decedee ago. There la no turning tha world back. 



THE PROGRAMMABLB CALCULATOR Wi are concerned here, however, not with 

calculatore and their ueee, but with 
ProggMBrtile calculatore . It is very inportant that we draw a clear dletlnc- 
tlon between theaa two becauee, deeplta their obvious elAllarltlae, they are 
really vary different machlnaa. A calculator elaply perfotna oparatlona that 
are faalUar to the uaer and can be performed hy the uaar without the calcula- 
tor. The prograauble calculator Introducea a new mental process and a aet 
of new concepte that mmt be learned. The prograonable calculator le a con- 
puter dleguleed aa a calculator. The **stored program** concept end the uee 
of aaquentlal stepe following an **algorlthn** to eolve a problem la a computer 
procaee. xhle difference provldee us with the opportunity to develop In our 
atudente e method of thinking that will prove to be of greet velue ee they 
face the world of the future. 



Let ua examine this difference by reference to the diagram below. 
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A cAlculAtor contains the featuraa shown Inalde th« duh«d llnaa ahown 
abova« All actual calculatlona an performad by tha arithmetic unit which 
aanda tha rasulta to a display (llg^t aftlttlng dlodea or paper tape). Input 
of nusbara (data) la acconq»llah«d using the keyboard* Certain kaystrokaa r«* 
qulra the arlthnetlc unit to addraas pre-*progr^tted subroutlnea which extract 
aquara roota» calculate logarithms or trlgononetrlc functions* or In aore 
cQ^ilax machlnea convert degrees to radlana* aolire rectangular to polar coor- 
dlnatea* ete«« The analogy to the central proceaalng unlt» input/output func- 
tloos» and aubroutlne branches Is obvious to anyone with e passing acquaintance 
with co^»uter architecture. The alvllarlty Is even greater when we recall 
tha fact that all oparatlona are actually done In binary code using such atan* 
dard computer technlquea as t«o*s coiq»leMnt arithmetic end the tulaa of Bool* 
ean Algebre* All that need be added to build a conpleta ^'digital computer*' 
la to provide e program umory which le aequanced by a 'Vlock*' which feeds 
the atepa to the arithmetic unit at a spaed within the llmita of its capacity 
and a data memory which can atore nuaerlcel data on a ''destructive raad*ln» 
noo**daatructiv« reed*aut" basia« All progranable calculatora have theea fee* 
turaa and they differ only in memory aiMa» apaed» provlaion of remote recor- 
ded program entry» and the '^richnasa'* of tha inatruction aet provided to 
manipulate the verious "blocks'* shown in tha diagram. 

The key point la thia. The logic or 'Wntal proceas" used to program 
the programmable calculator la identical to that uaad to program any compu- 
ter* In the calculator » programming is dona by defining a aariea of 'Icey- 
strokea*' that will solve s problem for tha uaer« In computer languagae euch 
as '^asaaidiler languegee*' or ao-called **hlgher level'* languagee auch as ALO0L» 
BA8IC» APL» FORTRAN, OOBQL» FOCAL» PASCAL, etc* we uea a flxmd aet of written 
Instructiona in a rigidly defined syntax to solve the problem. The mental 
proceaa used by the programmer la fundamentally the same« It involvea deve- 
loping an '^algorithm'* which breaks down the solution of the problem Into e 
seriee of sequential etape which must be executed in an exactly defined se- 
quence* There is no room for ambiguity in cither case^ 

PLANNING ALGORITHMS The key to developing programs that will aolve 

problems using coi^ters or programmable calcula* 
tore is aklll in developing algorithmic the prograaouible calculator Is 
ideal for introducing this skill becausa the user cen concentrate on the 
problem of how to accompliah a goal without the added confusion of learning 
the syntax of a computer language^ Thia Is not immediately obvloua« I had 
the unfortunate eitperienca of doing all this backwards^ first efforts at 
building algorittas were with the IBM 1401 computer which bad a PORTRAM com* 
pilar, I had little prior experience with computers end no instruction in 
their use« I acquired tha IBH technical manuals and spent some weeks before 
I could get any idea of how to get numbers into the card reader end raaulta 
out on tha printer^ During most of this time I had to operste the computer 
myself and the shear alee of tha thing waa unnerving* The few programDers 
around the computer did not know FORTRAN and kept trying to correct my syn- 
tax » not oqr atrategy« Moat of ny errors ware in program flgw> not syntax^ 
The compiler caught most of oqr syntax arrors« Tha computer was faithfully 
doing what I told it to do» not what I wanted it to do« 
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Aft«r about « year of thl« oxperloocet I Ms lilting tiany duccft««ful 
progratttt but ny offortt tended to waate « good deal of coaputer tint and 
printer paper. At ebout this time we acitulred an early prograwabla calcula- 
tor lo the psychology depertnent. It was made by the Hooroe company and we 
had to punch octal codes into blue cards to represent keyatrokeSt which was 
aoMwhat confusing at firet. But 1 found that aolvlng probleM vlth thla 
calculator gave m ouch greater skill in vrittng PORTRUI prograu for the 
large ttachine. Mo one prior to this took the tine to teach aa the ftandattan- 
tel proceaa of designing efficient algorithms. I waa too worried about loalng 
control of the high epeed printer which could eopty most of a box of paper 
before the ccmq^uter operator could stop it or in counting card columns to 
conatruct Input format etatSMnta- 

When wa see demonet rat lone later on in thle conference of problem eolu* 
tions using progrsansbls calculators we ahould keep In mind that the process 
m ere uelug Indudee a aeries of concepts that srs oacesssty for the effi- 
cient plsnning of algorithms. The programmable calculator can be uaad to 
teech and/or illuatrate these as we develop thle skill in our studsnts« The 
following la s list (oot cooq^lete* of course) of the kind of concapte I am 
referring to. 

1. The use of a "program ." The key concept Which etudents may not 
undaretand Initially la that of ualng a '^program'* to aolve a problem. The 
programmable eeleuletor hee in common with the digitel computer the feet 
that ualng a aupplied program allova the ueer to eolve a problem which he 
may not know how to solve « Once a program la written it can be uaad many 
tlmea. A program I write for teat item analysis in 1971 is still widely 
uaad at our univetaity (and in many other placee) to eveluate multiple 
choice tests. It performs thousends of celeulationa ualng aome rather ao- 
phleticated algorithms. Most users are unaware of the atatisticel nlcetiee 
it contains. They do* howevert understsnd the output it produces* and that 
la all that matters. This is the '^magic" of the computer; progreomlng Ian* 
guegee are univeraal. Pre-written programs are aveilable for ell program* 
mable celculators and th^ are very useful. 

2« Planning eeguential ateps for problem aolutions . While some texts 
stert out with 'flow charts" and diagrams which define an algorithm* the 
atudent ehould first learn s fact of life. A computer can only do one thing 
at a time. Thle ie true of all computerst no tnatter how expensive or sophis'* 
ticstsd. We cent by clever programming* make a machine eeem to do several 
things at the same time. Howevert If we have one central processing unit 
through which all data ouat flow* the computer has the capacity of doing only 
one thing et a time. This la very evident when uaing a programmable calcu- 
lator where the eequence of the keyatrcdces is is^ortant snd the tesk must 
be reduced to a finite number ot steps done in a certain order. 

3. Planning the order of arithmetic operation^ . While I am sure that 
the teechere of mathemetice present here today teach their students that sn 
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algebrftlc expreealon or formula la merely a convenient ^^shorthand" for apecl^ 
fylng the order of arlthnctlc operations^ aoiie of my atudenta act as If they 
do not kncv thla* Planning the aeries of keyatrokea needed to wilve an equa- 
tion can reinforce the atudent's tmderatandlng of the Importance of thla order. 
For example: a -f (b/c) i( (a -f b)/c. 

4. Memory etorage and retrieval . Skill In manipulating memory la a mark 
of the good programmer. The concept of depoaltlng Intermediate reaulta Into 

a memory bucket** for later use Is not Intuitively obvious . Leea obvious Is 
the placement of a constant like £l or e^ Into a '^bucket'* for later use on a 
repeated basla. This la easier to eee on a pFogrammable calculator than on 
a computer uelng a language like BASIC where we might eay» "LET Xa^Z.yUBZB." 
The beginner doee not see that the con^uter will reaerve a fixed nuii^er of 
binary dlglte in memory to hold the value of the variable designated as X2. 
Most programnable calculators allow the user to add to a mmoty location or 
atibtract a value from Ita contenta directly. This la excellent practice. 

5. Planning Input/output operatl<Hia . The output of a calculator la 
typically a nuniber (or a sarles of nmdiers) on a lighted dlspley or on e paper 
tope. The builder of the algorithm must plan when the program Is to dlaplay 
theae numbers and he must "document^^ hla program so the user will be able to 
Identify what the nusibera mean. He or ahe muat also plan the program ao that 
It will pauae ao that data can be entered Into the sequence via the keyboard 
ao that program flow can procede. This la a skill that has a positive trane- 
fer to the learning of computer programaiing In the future. 

6. Branching forward or backward . While program execution Is sequential 
the sequence does not always procede In a alngle direction. Some parts of e 
program may be executed only one time while others may be executed many times 
to accumulate aums, producta, quotlenta^ etc. Thla Is eaelly accotqplished by 
"labels" In nwiy calculatora. Some calculatora allow the uaer to set "flega" 
Which can be tested to bypass '*00T0" Instructions which branch programs beck 
over prevloua atepa. Practice with these techniques la very valuable. 

7. Conditional branching . Most programnable calculators allow teata of 
the value In the ^*eccumulator'' or dlaplay register to see If It la positive* 
negetlve* or zero before branching to a portion of the program occura. ^ The 
teat for "greeter than* leea than* or equal to" a certain value Is easily 
accMpllshed. Such branching Is so frequently used In computer algorithms 
that It la actually difficult to write a program of any cooq»lexlty thet does 
not Ufje thla technique. 

6. Fomlna repetitive "loopa." Valng the above concepte It Is possible 
to teach the conetructlon of programs which '*loop" through a series of steps 
for either a fixed nuiri>er of times or until a desired result la accompUahed. 
While this la planned for In programoables which have a "decrement memory and 
branch when sero" instruction* it can be done with any programmable which 
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providfts for Cht *^f*0*' branch Cast, Learning the concept of "looping** le 

difficult for many atudents who first attempt It trlth **FOR*TO** loopa In 

BASIC or '*D0** loopa In FORTRAN. It la one of the voat frldely uaad technlquaa 
In tha conatructlon of computer algorithms. 

A good exercise to teach this concept Is to have the student vrlta a 
program to obtain the square root of a number ualng the method of auccasalve 
approximations auggested by Newton. This Is how many computers calculate 
square roots. 

9. Clearing storage . The fact that memory locations can hold **garbage** 
from previous program steps and must be ^^claared'* or aet to xaro If they are 
to he added to or subtracted from vlll becoma painfully clear after atudents 
write programs that %omb out.** I violated thla rule tha other day after 
over a decade of computer and calculator use and hundreda nf aucceaaful pro* 
grams In use all over the country. 

10. Overlaying memory . It Is an excellent builder of mental dlaclpllne 
to fit a large program Into a machine that la limited to a small nuniber of 
memory atorage locatlone. Clearing and revising memory locations bullda good 
programming afcllla. I find nyself sometimes getting careless In this regard 
when using my home computer which has 2A»000 bytes of memory which vlll soon 
be expanded to AO^OOO bytes. Starting with a large machine can develop bad 
habits. 

11. Use of subroutines . Most progrommables allow for construction of 
atibroutlnes to perform repetitive chores with economy of program steps and 
memory storage. This Is a concept that takes some practice before It becomes 
a matter of habit. 

12. Indirect memory ftddresslng . Some programmables allow for branching 
to a program step specified In a memory location. This value can be the result 
of calculatlone within the program. This Is an advanced skill but It la wl* 
thin the capabilities of bright students. It provides a very powerful tool 

In the construction of some algorithms. 

13. Concern for program length and execution spaed . There are» of 
courae* several ways to construct algorithms to solve any specific problem. 
All of them are "correct'* If they produce the desired results. The *'best" 
algorithm la the one that provides the result using the fewest program stepe 
or keystrokee. Since the *'clock" In a programmable calculator la relatively 
alow as coi^^ared to a computer '^dock** this speed difference Is more obvious 
when using the calculator. The ahorter program le also easier to load since 
there is lees chence for error. 

The list Is not ccMtplete. However^ It does suggest how much a person 
csn learn from the use of s programmable calculator. The little machine that 
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fltA Into a pocket or purae In fact an extranely covplax marvel which con* 
tains thouaandi of electronic componento arranged ao that they can be initruc^ 
ted to solve a nyrlad of problems. In at least this one area» that of teaching 
tha building of algorlthmst ita use In the daaaroon la very valuable. The 
poaltlve transfer of these leamlnga to future learnings should be obvious. 



OTHER USES While up to now ny Interests In coiq>uter slgorlthns* progrttttmlng 

languagest snd digital electronics clearly have Influenced my 
presentation of how programmable calculators can be used effectively in teach* 
Ing in elementary and secondary schools* there are many other uses that can 
be found for them that have educational value. It Is a feature of this con* 
farance to explore these potential uses through the exchange of ideas. The 
shared creativity of nany skilled educators can open up avenues and i^roachea 
that could not be foreseen by e single person rsgsrdless how creetive he or 
she may be. Again I mnt reech Into my own experiences which merely suggest 
how fruitful the field is. I will Illustrate a few Ideas that I have. In 
most of these the teecher does the ^^rogrammlng^ but there is no reason why 
s student or e group of students could not be involved in this effort. 



1. Curve plotting . In teeching the concept of the formal curve** to sqr 
Introductory ststietics students I try to convey the idee thet the curve has 
no **standard** shepe but is s plot of an equation involving certein constants 
and variables. The constants are £l and e and the verlables are the meent 
the nund>er of scoree» the stenderd devletlon» end the individual ecores in 
the dietributlon. By writing e program for the calculator which aolves for 
the height given the vslues of the vsrlsblee previously mentioned* I can plot 
the curve severel tines to show what effect the vsriebles have on the shepe 
of the curve* Solving 



h - n ^ 
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for h given n» S» Hi and X fifty or a hundred times la a prospect no nan cen 
fsce with equsnlffllty. A shnrt program for my Texss Instrunenta SR*S2 glvea 
the velues of h in a few seconda and allowa the curve plotting to go od. In 
a secondary school class the '*fe«l" for simple equations employing powers of 
2 or 3 could be of value. It might also be usef'il to plot lines by aelected 
polnta in lineer methoda where a program for a '*least squares** fit of a line 
to e set of points is esslly written. 



2. Building tables . I have written simple programs using the formulas 
fcr compound interest to determine how much I must seve, given current bank 
intereet to hsve enough money to purchase additional memory or peripheral 
devices for my computer et e certain point in tine. I also celculsted de- 
preclstlon schedules for the SR'*S2 for my Income tax form. I can see poeslble 
uses for this kind of programming in teeching business mathematics or even 
consumer education to atudents who will be users of credit In s few years. 
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3. Sclcnca education . I received a "lunar lander game" program with 
the SR-52 and t spant a few houra playing with It. Host of the time t inpac- 
tfd tha noon at varloua veXodtlea and theoretically killed ayaalf aeveral 
tlaaa. t can ace* however^ that the acceleration of a falling body could be 
dciionatratad» or the trajectory of an artillery ahell eatlvated^ Tha eaaa 
of plotting data polnta gives a better feel for the dynamic nature of what la 
happening rather than the static feel on« geta When It takes conaldarable 
time to eatabllsh a alngle data point. I have also used the metric convcr-^ 
alon programa when my favorite scotch suddenly appeared In half liter bottles 
and t wantad to calculate the price per fifth gallon. 

4« Hathematlca claseea . Tha combination of tha availability of trlgo-^ 
nometrlc fimctlons and progrannlng capability helped ne verify the correct 
operation of a "Blorythm Plotting Program" I placed on ay home computer and 
the co^iuter sjratem uaad by our unlveralty. The aina function la uaed to 
generate the curvaa* of courae» but verifying the plotted points In the com- 
puter program helped ''debug" the operation of the program and Ineure that the 
leap yeara ware handled properly, t can see many possible usee for thla kind 
of prograaneing in couraas In algebra* geometry* aolld geometry^ trigonometry » 
etc«. Hy lack of familiarity wl«S the secondary curriculum In theae areas» 
of course* limits ma In antldpstlng uses. 



I will leave the rest to you and I am eager to see how much I will 
learn before tomorrow la over« Thank you for your kind attention and t 
hope that you will find this conference to be of value In our common goal 
of Improving the mathematics ^lUa of our students. 



- End - 



